Background With more than 10 million people incarcerated worldwide, some of whom will have experienced solitary confinement, a better understanding of health and mortality after release is needed. The aim of this study was to assess the relationship between placement in solitary confinement and mortality in the 5 years following release among formerly incarcerated individuals.
Introduction
Although researchers, practitioners, and lawyers have objected to solitary confinement on ethical grounds for decades, [1] [2] [3] [4] [5] the continuing high proportions of incar cerated individuals sent to solitary confinement suggest that solitary confinement might not be solely an ethical issue but a pragmatic one as well, especially for the process of re-entry into society of formerly incarcerated individuals. [6] [7] [8] Although most research on solitary confinement has focused on the often devastating psychological consequences of being placed in solitary confinement, [9] [10] [11] [12] [13] [14] [15] [16] some research has now shown that it also has an effect on the post-release employment rates and recidivism risks of formerly incarcerated individuals, making soli tary confinement an issue for reinsertion in society as well. 17 Global estimates of the prevalence of solitary confinement are not available; however, as more than 10 million people are incarcerated worldwide on any given day (around 2·1 million in the USA and more than 1·5 million in Europe, including half a million in Russia alone), solitary confinement potentially affects millions of people too. 8 Estimates from the USA suggest that around 450 000 people had spent time in solitary confinement during the previous 12 months in 2012, making this experience common in the prison population. 6 In this Article, we investigate whether solitary confinement could also be considered a public health issue (beyond mental health) by testing the relationship between solitary confinement and mortality in the 5 years following release in formerly incarcerated individuals in Denmark using a linked administrative dataset. The aim of this study is to contribute not only to research on the consequences of solitary confinement but also to two other bodies of literature. First, and most directly, to add knowledge to the literature on the relationship between imprisonment, release, and mortality, [17] [18] [19] [20] [21] [22] [23] and second, to understand how conditions of confinement might moderate the con sequences of incarceration for population health. 24 
Methods

Study design
This cohort study included people that served a prison sentence in Denmark, for whatever reason and lasting at least 7 days, that both started and ended during 2006-11. This decision restricted our analyses to focus only on sentences that were shorter than 5 years; yet, because as little as 3% of sentences in Denmark were longer than 4 years during our data period, this decision was unlikely to be consequential. The advantage of this data restriction was that it allowed us to make all observations throughout the follow-up period. To avoid autocorrelation, we focused on each person's first prison sentence during the data window, and because we also observed mortality during new prison sentences, we did not adjust the follow-up period for re-incarceration. Some individuals died, emigrated, or otherwise went missing in the data (ie, we no longer observed them in the population register) before the 5-year follow-up period was completed. Informed consent to participate from the study participants was not needed for this register-based study, in accordance with the legislation that governs Statistics Denmark.
To compare mortality among the prisoners in our cohort study to mortality in the general population, we also obtained the 5-year mortality rate of a randomly drawn sample from the full population of non-incarcerated
Research in context
Evidence before this study We searched Scopus and Medline for articles published in English between Jan 1, 2000, and Dec 1, 2019, using combinations of the search terms "solitary confinement", "restrictive housing", and "conditions of confinement" and each of these terms: "mortality", "death", and "health". Most studies were published within the past 5 years. We excluded a few studies because they were irrelevant (not about the search words on inspection), and we excluded studies that focused on the special case of solitary confinement on death row.
Two studies linked solitary confinement to post-release mortality. One study found increased mortality associated with solitary confinement. However, the study focused on the mortality of male convicts who were shipped to Tasmania in the 1840s, so it was not relevant to present links between solitary confinement and post-release mortality. The second study also found increased mortality associated with solitary confinement. This study focused on people released from prison in North Carolina, USA, and found high mortality rates associated with having been in solitary confinement in that context. The association was especially strong for death from suicide, homicide, and opioid overdose shortly after release from prison. Another study focused on the link between imprisonment more broadly and post-release mortality. Some studies focused on the link between solitary confinement and in-prison outcomes, such as suicide ideation, self-harm, violent misconduct, and psychosocial vulnerability. A few studies focused on the prevalence of solitary confinement for different populations.
Much more published research exists on the broader link between solitary confinement and health, especially mental health. This research generally documented damaging associations, suggesting that solitary confinement impairs mental health, and leads to, for example, post-traumatic stress disorder symptoms. Finally, some studies focused on human rights and the ethics of using solitary confinement as a correctional tool, and on how the use of solitary confinement can be reduced.
Added value of this study
Our study used high-quality, recent data, covering the full population of prisoners admitted to and released from prison in Denmark during 2006-11. The administrative nature of the data added value to existing research along three dimensions. First, we were able to accurately track people in the death register up to 5 years after release and obtain information on causes of death as per the International Classification of Diseases. Second, we merged individual-level information from other registers onto the main data, allowing us to add a range of important control variables. Third, by merging onto our main data a previously unexploited dataset from the Danish Prison and Probation Service on all disciplinary actions during confinement, we were able to control for other disciplinary actions that prisoners experienced during confinement, a potentially very important confounder. With these data, we were able to evaluate the association between solitary confinement and mortality.
Implications of all the available evidence
Available evidence suggests that solitary confinement is problematic along many dimensions, both ethical and related to health. The results of our study added to knowledge by documenting a strong link between solitary confinement and mortality, especially mortality related to risk behaviours such as accidents, suicide, and violence. Although our study does not directly test the mechanisms behind this association it is possible that, given the existing evidence, the association could be driven by solitary confinement's adverse effects on mental health. Taken together, these findings suggest that researchers and correctional professionals should strive to more clearly document both the costs and the benefits of solitary confinement to understand whether and when this punishment in correctional facilities does more harm than good. 
Procedures
To consider the association between being placed in solitary confinement during imprisonment and mortality after release, we relied on two sources of administrative data. The first source was Danish administrative registers (not publicly available). The registers were full population data (and thus had virtually no attrition) that consisted of administrative records from various collecting agencies, such as criminal justice agencies and other Danish agencies. Statistics Denmark collected these data and made them available for research, with the appropriate safeguards in place for ensuring confidentiality. An advantage of these data was that the administrative records were linkable at the individual level since all residents of Denmark had a unique identification number. 25 We could therefore include an array of background information about the population (ie, sex, date of birth, ethnic background, education level). We also included information from the death register (dates and causes of death). The second administrative dataset was made available to us by the Danish Prison and Probation Service and recorded which incarcerated individuals were subjected to disciplinary actions during confinement, including individual level information on whether someone was placed in solitary confinement while serving a prison sentence.
Our key predictor variable was whether a person was placed in solitary confinement during 2006-11. We assigned this variable a value of 1 if the individual had been placed in solitary confinement at any given time or 0 if they had not. This variable allowed us to observe whether mortality differed among formerly incarcerated individuals who spent time in solitary confinement and those who did not.
The main outcome of this study was mortality in the 5 years following release from a correctional facility. For each month after a person was released from prison, we constructed a dummy variable taking the value 1 if the person had died during that month and 0 otherwise. The outcome was right censored at 60 months after release (or when people had emigrated). We obtained the mortality information from the death register, which recorded all deaths in Denmark under the Danish Board of Health Data (Sundhedsdatastyrelsen). The death register was an appended mortality database, and the version we accessed included all deaths up to Dec 31, 2016. We censored everyone at 60 months from release, however, so the data window for mortality was Jan 12, 2006, to Dec 31, 2016.
The death register had information on date of death, which allowed us to determine the timing of death relative to prison release. We also merged our data with information on cause of death, which was recorded using the International Classification of Diseases tenth revision (ICD-10) in the DODSAASG register on causes of death that were also recorded by the Danish Board of Health Data. We used three broad categories: any cause of death (all ICD-10 codes, to capture total mortality), non-natural causes of death (ICD-10 codes V01-Y99 [accidents], X60-X84 [self-harm], and X85-Y09 [violence]), and natural causes of death (inverse of non-natural deaths).
Our models included many covariates potentially linked with both the risk of placement in solitary confinement (contingent upon being placed in a correctional facility) and mortality. The administrative dataset from the Danish Prison and Probation Service provided information on admission date, release date (we measured mortality from date of release but used release-year dummies as control variables to take general time trends into account); sentence length; the crime type for which the person served a prison sentence (violent crimes, property crimes, and the residual other crimes). From the Danish administrative population register we obtained date of birth (used to calculate the demeaned age of each person when they were admitted into prison), sex (this variable was assigned a value of 1 if female, 0 if male), and whether the person had ethnic minority background (this variable was assigned a value of 1 if yes, 0 if no). From the education register we assessed each person's highest education level at the time of admission into prison (we assigned this variable a value of 1 if it was basic schooling [ie, tenth grade or less], 0 if it was a higher level of education).
We also included information on other conditions of confinement (which were also available in the data from the Danish Prison and Probation Service), namely the security level of the facility in which the person was incarcerated (coded as a series of dummy variables: lowsecurity prison; high-security facility; local jail), whether those who were not sent to solitary confinement were assigned other disciplinary actions (eg, fines, confiscation of contraband, etc; this parameter was assigned a value of 1 if yes, 0 if no), and, for individuals who were sent to solitary confinement, the total number of days spent in solitary (dummy coded 1-3 days, 4-7 days, or more than a week in descriptive statistics but entered continuously in the regression models). We collapsed multiple incidents of solitary confinement into a common measure of total days in solitary, which arguably introduced a risk of bias across repeat solitary confinement placement. Yet, 75% of incarcerated people who experienced solitary confinement only did so once, and 93% only did so once or twice; we therefore opted to use the simpler measure.Preliminary analyses that included extensive controls (eg, sibship size, more detailed offence categories, and information about each person's parents) did not relate substantially to solitary confinement, so we decided to use the above-described more parsimonious model. 
Statistical analysis
To estimate the association between being placed in solitary confinement and mortality, we first plotted the cumulative mortality rate by the key predictor (solitary confinement) and by cause of death (any, non-natural, and natural) using the Kaplan-Meier estimator. We then estimated multivariate Cox proportional hazards models, successively including more controls, to measure the mortality hazard (hazard ratio [HR], 95% CI) during the 60-month follow-up period while adjusting for background characteristics and other conditions of confinement.
The fundamental statistical assumption of the Cox proportional hazard model is the proportionality assumption, which states that although hazard rates might differ among the comparison groups (this was indeed what we expected), they would do so at a constant ratio at any point during the follow-up period. We tested this assumption by regressing the scaled Schoenfeld residuals on the time variable and testing whether the corresponding slope coefficient was zero. After allowing the effect of age, sentence length, sex, educational achievement, and release year to vary across the followup period, we found no significant breaches to the assumption.
Because it was debatable whether people who served a prison sentence at the same facility could be viewed as statistically independent, we clustered SEs at the facility level.
All analyses were done using Stata version 15.
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. LHA had full access to all the data in the study and the corresponding author had final responsibility for the decision to submit for publication.
Results
Our study included 13 776 individuals who served a prison sentence in 2006-11. After excluding individuals who died, emigrated, or otherwise went missing in the data before the 5-year follow-up period was completed, our study included 812 374 person-month observations. 420 (3·0%) individuals died during the follow-up period, which is substantially higher than the mortality in a random sample from the full population of nonincarcerated individuals with similar observation years, age, and sex structure (37 [0·3%] of 13 504 individuals). Mortality varied between individuals who were sent and those who were not sent to solitary confinement during their time in prison ( for non-natural causes). After 13 months the difference for any cause of death was statistically significant (1·3% solitary and 0·8% non-solitary, p=0·0492) and the difference for non-natural causes was statistically significant after 21 months (1·5% solitary and 0·9% nonsolitary, p=0·0390). The pattern for naturally occurring deaths did not show any substantial differences between those who had been in solitary confinement and those who had not. Thus, most of the mortality gap between individuals who had been in solitary and those who had not was attributable to a small number of causes. Table 2 presents the results from our statistical models of the association between mortality hazard and key predictor variable. The unadjusted models represent the raw associations and show that mortality hazards were higher among individuals who were placed in solitary confinement during incarceration than among indivviduals who were not given this disciplinary action (HR for death by any cause 1·599, 95% CI 1·268-2·017; p<0·0001). This overall difference was driven by nonnatural deaths (1·728, 1·254-2·380; p=0·0008), whereas there was no discernible difference for naturally occurring deaths (1·340, 0·941-1·909; p=0·1047). All parameter estimates are available in the appendix (pp 1, 2). *Adjusted for background characteristics. †Adjusted for background characteristics and other conditions of confinement. ‡SEs (used to calculate the 95% CIs) were clustered at the facility level. The other models we used adjusted the associations found with unadjusted models for background characteristics or for background characteristics and other conditions of confinement (table 2; appendix). The same overall pattern of results emerged, with the main difference between the unadjusted and adjusted results being that the association between placement in solitary confinement and mortality increased slightly when we took the compositional differences of the groups into account. Thus, direct comparison of indi viduals who were placed in solitary confinement versus individuals in the general prison community, without taking other differences between these groups into account, would have led to a slight underestimation of the effect of solitary confinement on mortality.
Discussion
Extensive evidence has shown that the mortality of formerly incarcerated individuals in the days, weeks, months, and even years following their release from correctional facilities is high. [18] [19] [20] [21] [22] [23] Many studies have also investigated the consequences of being placed in solitary confinement for mental health, especially among those placed in solitary confinement for long periods of time. [9] [10] [11] [12] [13] [14] [15] [16] In this Article, we evaluated the association between being placed in solitary confinement and mortality in the 5 years following release from a correctional facility in Denmark, including providing analyses by cause of death. As much as two-thirds of the people in our cohort who had spent time in solitary confinement did so for less than a week in total during the incarceration. We found that individuals who were placed in solitary confinement during incarceration died at high rates in the 5 years following release from a correctional facility and died from causes that are consistent with those that lead to excess mortality among formerly incarcerated individuals in the USA and Europe. [18] [19] [20] [21] [22] [23] In fact, the 5-year mortality among formerly incar cerated individuals who were placed in solitary confinement was almost ten times that in the general population (with similar sex and age composition). We also showed that even after adjusting for possible confounders, the association between solitary confinement placement, mortality, and non-natural mortality persisted. Indeed, the association between having been placed in solitary confinement and post-release mortality was stronger after adjusting for covariates, suggesting either that differential selection into solitary confinement was not driving this association or that there was some omitted variable-such as underlying mental health problems or addiction-that could have driven both associations. Although omitted variable bias could, of course, have been an unobserved driver of this association, given the strength and stability of this association, even if that were the case, formerly incarcerated individuals ever placed in solitary confinement are a vulnerable population in need of interventions.
Finally, our study showed that short periods in solitary confinement were linked to elevated post-release mortality and that these elevated mortality rates were confined to non-natural causes. In other countries, such as the USA, in which extremely long periods (eg, years) in solitary confinement are common, solitary confinement would probably also be linked to elevated rates of mortality through natural causes as well (eg, through lack of exercise or exposure to sunlight). 24 Important as these results are for informing our understanding of how conditions of confinement in correctional facilitates moderate the association between incarceration and health, our analyses still had five core limitations. First, because the data that were provided to us did not contain information on protective custody (ie, an incarcerated person requesting to be placed in solitary confinement, often due to safety concerns) our analyses focused on the effects of placement in disciplinary and administrative segregation. As such, we compared placement in disciplinary or administrative segregation (solitary confinement) to the control group of incarcerated people who received the standard conditions of con finement or who were in protective custody. Placement in disciplinary segregation occurs because of specific in-person infractions, whereas placement in administrative segregation occurs because of a more general assessment of the risk an incarcerated individual would pose in the prison community. Second, the analyses presented here were merely associational and a possible causal effect of solitary confinement placement on mortality could not be estimated because of the retrospective and observational nature of the study. The stringent interpretation of our main results was thus that the proportion of individuals placed in solitary confinement and mortality from non-natural causes was increased in incarcerated people with specific demographic characteristics (eg, younger individuals, individuals who served longer sentences). Third, some omitted variable (or set of variables, such as rapidly declining mental health, exposure to severe trauma through other sources within the facility, or within-facility drug or alcohol abuse), rather than solitary confinement, might have driven the association we found. Fourth, we focused only on a person's first prison sentence in our data window and we did not censor later periods of incarceration because our data contained mortality even during periods of incarceration. Research has shown, however, that solitary confinement might increase rates of reincar ceration, which means that new prison sentences could affect our comparison groups differentially. 17 Finally, although the analyses presented a compelling portrait of how solitary confinement shaped the health and mortality risk of formerly incarcerated individuals in Denmark, it was unclear how these results translated to other countries. Although there might be reasons to worry about the external validity of our results and, especially, how well our results generalise to the unusual conditions surrounding mass incarceration, previous research suggests that incarceration in Denmark and other European countries has much the same consequences there as it does in the USA. [26] [27] [28] [29] Our results offered important information of how one key modifiable condition of confinement potentially shaped the health and mortality risk of formerly incarcerated individuals. Our analyses focused on short stays in solitary confinement for individuals who were due to be released back into society within, often, just months; however, research on solitary confinement dispropor tionality focuses on long stays in solitary confinement among individuals who have long sentences (and might never be released from prison). 12 As such, our results have important implications both for departments of corrections and for public health professionals. For public health professionals, these results suggest that having knowledge about whether a formerly incarcerated person spent time in solitary confinement might be a salient predictor of added risk for mortality (and, possibly, other poor health outcomes). As such, it would be important for public health services to have information on incarceration and confinement, but only if there are methods for obtaining it in a sensitive and unobtrusive way. This Article provides those who work in departments of corrections with some insight into the costs of placement in solitary confinement, even for short times. As others have argued, 16 neither the costs nor the benefits of placing incarcerated individuals in solitary confinement have been clearly laid out; however, solitary confinement as well as other forms of segregation, are very costly. Departments of corrections should thus seek to carefully catalogue both the costs and benefits of this practice in order to be certain that they are using solitary confinement efficiently.
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